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PREFACE. 



It is now some forty years since I had the honour of demonstrating before 
the Royal Society in London ** A System for the Construction of Crystal 
Models projected on Plane Surfaces." These figures folded into the 
required form, and subsided into a level at pleasure — they were easily 
moulded into shape by bringing their edges into apposition with the 
fingers, and were as easily transferred from place to place when fiattened 
in a portfolio — they constituted, in short, an extension of the plan used 
in modem mathematical treatises for extemporising models of the Aye 
regular or Platonic solids. At that period, besides diagrams in isometric 
perspective, which are as necessary now as they were then, models in 
wood were much in vogue. They were used by Dr. Pareira in his lectures 
on the Polarisation of Light before the Pharmaceutical Society of Great 
Britain. Phillips, in the second edition of his * Litroduction to Mineralogy,' 
recommends the use of models cut in box-wood, and observes that " they 
could be had at one guinea each, while complete sets could be procured at 
the price of £16 the set" ; at this rate the study of crystallography became 
somewhat expensive. In modern times it has been found possible to 
arrange the many thousand different known crystals in six systems, to 
each of which belongs a number of forms having some property in common. 
Each system consists of a skeleton model of three or four rods of wood, 
wire, or glass ; these rods are called axes, round which the forms can be 
symmetrically built up. Upon these axes it is proposed, in the first place, 
to find the faces of the required model by direct measurement (or recourse 
may be had to Spherical Trigonometry, as the case may be), and in the 
next place, to build them up into a model by a process which it is believed 
has not been hitherto attempted. It consists in taking an ordinary plait of 
three or four rushes, defining its intersections in numerical order, and thus 
eliminating the type on which every model is constructed. By strictly 
adhering to the type it was found, moreover, that those solids which were 
confessedly irregular and most difficult to understand — those, for instance, 
belonging to the doubly oblique system — were made with the same facility 
as the cube itself. 

Considering how the zones in crystals approximate in appearance to the 
ideal plait, it is singular that this method of making models should so long 
have escaped notice. The first intimation of the possibility of forming a crystal 
model in this way suggested itself in the case of the rJwmbie dodecahedron, 
a solid bounded by twelve rhombs, and characterised by exceeding elegance 
of form — some of the smaller specimens of garnet constituting the most 
ffisthetic " things of beauty " in all mineralogy. On a careful examination 
of one of these crystals, its faces appeared to be arranged in narrow strips, 
which could be traced round the form in four different directions, and 
seemed to cut each other in their course as if they intersected. It became 
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iv PREFACE. 

difficult not to realise the practicability of using strips of paper— of 
crossing them just as these zones appeared to be crossed in a real crystal, 
and of intertwining them as in a plait. Four narrow strips of paper were 
taken accordingly, eaoh being composed of similar rhombs placed together 
at their opposite edges, after crossing and recrossing repeatedly, a rough 
model of the form was eventually obtained. The ability to make a single 
solitary model, however, and that by a mere hap-hazard, was nut altogether 
encouraging. On reconsidering the matter, it became evident that the 
definite arrangement of the parts in a plait could be at once utilised by 
finding the numerical order in which its mtersections occurred. This formed 
a clue to ^e whole. The idea, when practically worked out, fulfilled my 
most sanguine expectations, as shown by the results which are recorded in 
the following pages. 

Compared with others, the advantages resulting from this method 
become most strikingly apparent. The models are built up into form in a 
few seconds, and it is worthy of notice that, owing to the plaiting process 
being well nigh instinctive, the manipulations after a short trial become 
almost automatic; the eyes may be closed — ^the attention diverted — yet 
the required solid meanwhile may be growing into existence. The forms 
require no sticking at their edges, being far neater than those which do. 
They have the semblance of solidity, and as each face involves at least two 
thicKnesses, their stability is secured. They allow of the measurement of 
their edges with a goniometer. Being so easily made, an opportunity is 
afforded of enclosing a series of gradually enlarging hollow models (see 
Figs. 97, 101, 104) over each other upon a central nucleus (like nested 
boxes)— the process imitates the growth of a natural crystal, and the com* 
pound nucleated model indicates by the use of needles the direction of its 
cleavage. 

Finally, the plaiting of a cube suggests a possible manner in which the 
crystal particles may start originally from a conmion root, and travel in 
certain definite directions until the material by which they are fed becom- 
ing exhausted, their growth ceases, and their form is completed. 

JOHN ^BH AM, M.R.O.S. Eng., &c. 
"^^ Tonbridge, Kent 
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It is a property inherent in the ordinary plait that its consti- 
tuent parts shall cohere compactly without adventitious aid. 
This involves definite arrangement ; and if this arrangement is 
studiously followed in the construction of models, their faces 
will in like manner become coherent, and, when plaited, will 
assume a solid form, and maintain it without extraneous assist- 
ance. Hence, to make a model by this method, it is essential 
that the natural collocation of the parts in an ordinary plait shall 
be defined in numerical order, and that this order, when once 
obtained, shall be implicitly followed in the making of every 
crystal form, however much the shapes of its faces may vary. 

An ordinary plait of three or four flexible narrow strips is so 
easily put together that the process would appear scarcely more 
than intuitive. On making an outline of the common plait, 
Fig. 1, we notice that the strips intersect or cross one another 
in a manner so definite, that it may be easily specified in num- 
bers, each number, from below upwards, indicating the place of 
intersection. That part of the one strip which overlaps is 
denoted by an ordinary numeral ; that which is overlapped, or 
lies underneath, by the same numeral, barred thus : 1 and 1. 
On now unfolding the form we find the projection, Fig. 2, with 
its numbers so disposed, that, were we previously unable to 
make this ordinary plait, the projection alone would enable us 
to do so« It will be noticed, however, that the figure thus 
obtained is capable of extension in one direction only : it may be 



6 A SYSTEM FOB THE CONSTRUCTION 

elongated, but is devoid of solidity. To obtain a model having 
the form of a solids we take three strips composed of square faces, 
Fig. 3, upon which we transcribe the numbers exactly as they 
are disposed in Fig. 2 ; and finally, instead of allowing the 
three strips to lie parallel on commencing the plaiting, we place 
the strip marked C at right angles to the other two strips 
marked A and B. The projection, Fig. 4, will now make up 
into the cube, Fig. 5, shown in its projected state, Fig. 6.* 

The numerical order in which the faces combine to form a 
plaited model of the cube is thus secured, and this order is 
retained as the type on which crystal models may be con- 
structed. 

The uses to which the cube is applied are so multifarious, 
that the ability to construct a model of it by a process at once 
so easy, certain, and rapid, must needs be a desideratum. 
Amongst the natural crystal forms a very considerable number 
are geometrically allied to the cube, and the common type on 
which their configuration is based is so absolutely identical, 
that the primitive forms belonging to the six axial systems in 
crystallography may, one and all, be constructed upon it. Take, 
for instance, the parallelepipeds known as the six-sided jprisms ; 
the rhomhohedroiMj acute and obtuse ; the octahedrons, from the 
regular to the doubly oblique ; the elegant scalenohedron vdth 
its allied calcite. By strictly adhering to the numerical order 
in this cubic projection a series of suh-typea can be produced, 
resulting in modifications which exemplify the forms of natural 
crystals ; witness the typical tetrahedron. Fig. 24, under which 
head are comprised those irregular tetrahedral solids named 

* The best material for makiDg these models has been found to consist 
of glazed cambric and white demy papery pasted together into sheets, and well 
pressed, so as to be entirely clear of air-bubbles. Cardboard is useless, 
breaks at the bends, and drops to pieces. On making a projection of the 
pattern on a flat surface, a face of the model is out out in cardboiud : a 
square for the cube, for instance, round which the outline is traced with a 
pencil ; for if drawn with ruler and compasses, the faces are brought too 
close to plait properly. It imparts finish to a form by cutting separate 
pieces from a sheet of stone-coloured cardboard, exactly equal in number 
and shape to the faces of the model itself. When pasted with care, the 
form becomes scarcely distinguishable from that of a solid. Sample speci- 
mens may be procured, however, of Mr. Benson, Mineralogist, 227, Strand, 
London, W.C. 
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OF CRYSTAL MODELS. 7 

sphenoids^ themselves being hemihedral formfl of their respeotiTe 
octahedrons. 

Owing to the remaining fozms being contained under a greater 
nmnber of faces, they cannot, of course, be made bj using a 
cnbe composed of three fillets only. An additional fillet is 
therefore added, by the aid of which we are enabled to construct 
a second cube more composite in its nature, but still a cube, the 
projections of which supply us with all the remaining solids. 
The cubic type thus maintains its supremacy, while the unity 
of the system is preserved. 

To construct a cube with a plait of fimr fillets, let A B G D, 
Fig. 7, be four strips intertwined in tiie usual way to form a 
plait, and let them be numbered in the order of their intersec- 
tions, from below upwards, as in the diagram. Then, as each 
intersection involves two faces, the one overlapping the other, 
let the upper one be denoted by an ordinary numeral, say 8, 
and the lower one with a barred numeral, say 3, as in Fig. 8. 

Fig. 9. — The strips are drawn in a rectilinear direction. 
They are composed of square fiaces, which are numbered like 
those in Fig. 7. The base pluies are indicated by small circles 
(O) ; those which give security to the whole are defined by an 
asterisk (*). 

In Fig. 10, the four series are arranged in the true order for 
plaiting, in which the two innermost strips, B and 0, are placed 
perpendicular ; while A and B are projected horizontally. A 
diagonal in dotted lines across each square completes the figure, 
and each square is creased along the diagonal 

The process of plaiting commences by bringing the face 
numbered 1 in C over that marked 1 in B ; nett, the fiuse num- 
bered 2 in A is carried over that marked 2 in 0, and so on until 
the planes are exhausted. 

Fig. 11 shows in isometric perspective a model of the re- 
sulting solid. It is a cube, each face of which, instead of being 
one entire piece, is composed of four isosceles triangles of 90^, 
which appear set like a mosaic. It has been constructed in 
this way for the purpose of showing many of the highly 
interesting forms which are recognised in crystallography as 
modificaldons on the faces of a cube. These modifications are 
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produced by varying the angular value of the isosceles faces. 
When they are equal to 90°, the form is a ctibe. When less 
than 90°, say 83°, a pyramid of four sides is raised on each face 
as in some varieties of quartz; while, if still further reduced, 
say to 70° 31' 44", the resulting model is that of the well- 
known and beautiful form known as the rhombic dodecahedron^ 
of which the garnet is a familiar example. 

The Bhombic Dodecahedron is bounded by twelve similar and 
equal rhombs, the plane angles of which are equal to 109° 28' 16" 
and 70° 31' 44". 

The faces incline to each other at the edges at an angle of 
120°. It is geometrically allied to the cube, for if the twelve 
edges of the cube are replaced by tangent planes, and these are 
extended until they mutually intersect, the rhombic dodeca- 
hedron will be formed. 

To find the jplane angles of the rhomhicface : — These are dis- 
covered by the formula L jr— ; — r-—- = cos i a, 
*' 2 sin J A 

where cos i a = 64° 44' 8" 
and a = 109° 28' 16"* 




Bhomh and Short Diagonal. — We now revert to our typical 
projection. Fig. 10, with its zigzag dotted diagonals, and trace 
on a sheet of paper outlines of the rhombic face in the same 
numerical order, making its short diagonal correspond in direc- 

* A mode of finding this plane, which is iiseful for practical purposes, 
is to maJie the short diagonal of the rhomb equal to the sido of a 
square, and the long diagonal of the rhomb equal to a diagonal of the 
square. A more elegant mode is as follows: — Let the short diagonal 
of the rhomb be taken as 1, then the long diagonal will be equal to 
V 2 = 1*414, and any side of the rhomb will be equal to 

. f = i^^ = o.8e6. 
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OF CRYSTAL MODELS. 9 

tion with that of the zigzag lines. The faces are now numbered 
in the same way, and the projection. Fig. 12, will plait into an 
elegant and firm model of the rhombie dodecahedron, (Fig. 18.) 

The Fibst Systbm. 

Each system is defined in accordance with the relatiye length 
of its axeSy and the angle of their intersections. In the first 
system the angles are equal in length, and cnt in the centre at 
right angles. (For cube, see Fig. 6.) 

Begular Octahedron. — ^A solid bounded by eight faces, which 
are equilateral triangles; inclination of faces at their edges 
equal to 109° 28' 16" ; edges, twelve ; solid angles, six.* 

It is proposed to elicit from the axes — 

1. The planes or faces of the model ; 

2. The method of locating their sides ; 
and then from the cube itself — 

3. The mode of adjusting the faces to form a plaited model 
of the octahedron. 

To find a fiice of the octahedron, although this is known 
from the above definition, it is proposed to obtain it direct from 
the axes, in order that the same method may be employed in 
the case of other forms which are more complicated, and where 
the faces are not known. Let the straight lines a — a', h — h\ 
Fig. 14, be called the first and second axes of the system, and 
let c — c\ Fig. 15, be the third axis. For convenience' sake, let 
I each of them measure 2*2 inches. 

I Assuming that every octahedron is composed of two four- 

I, sided pyramids, having one cotumon base, join aha' h\ Fig. 14, 

\ by straight lines : the common base is equal to a 6 a' 6', Fig. 14. 

To find the triangular faces from the axes: — ^Let c o, Fig. 15, 

be equal to half the third axis, and let the lines a a', h h' repre- 

<^ sent the first and second axes, and let it cut c o at right angles. 

\l With radius equal to a c, Fig. 15, set off the arc a c, Fig. 14 ; 

and with radius h c, Fig. 15, set off the arc h c. Fig. 14. The 

* ListiDg explains and generalises the so-called theorem of Euier about 
^ polyhedra, viz. that if S be the number of solid angles of a polyhedron, 
F the number of its faces, and E the number of its edges, then 
S + F = E + 2. See Prof. Tait on * Listing's Topologie,' p. 46. 
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two arcs shall cut in c, and the equilateral triangle a 6 c is the 
face required. 

The three remaining faces are set off npon their common base 
in the same way by reference to the letters. 

Here, then, we have four faces projected upon their common 
base, and forming, when brought together at their sides, one of 
the pyramids. Each triangle is now distinguished by using 
numerals, which are so disposed that any two sides which are 
marked with the same number will correspond in length, and 
form an edge when united. By this arrangement there is 
obtained not only the actual magnitudes of the sides of the 
faces of the octahedron, but also there is given a name to the 
sides of every two adjoining faces which are to form an edge by 
their union. This method provides the limit to what can and' 
what cannot be accomplished by the process of plaiting : it can, 
and does, furnish us with the true adjustment of the facesi 
themselves in making a model ; but it cannot locate the sides of 
those faces. This requires the use of arbitrary numbers, each 
side being represented by its own numbers; and when this^.is 
effected in the case of the regular octahedron, it answers for all 
the rest. 

On contrasting this solid with the cuhe^ we notice that two 
forms totally distinct from one another — the one bounded by 
BIX faces, the other by eiglit — are adjusted in precisely the same 
numerical order. This was solved by taking an ohtme rhomho' 
hedron,* the plane angles of the faces of which were equal to 
60° and 120°. When creased in their short diagonals, these 
faces became converted into twelve equilateral triangles, ex- 
ceeding by four, be it observed, the number actually required 
to make the octahedron. It was found, however, that this extra 
number exactly corresponded with that which was required for 
the foundation and finishing planes of the model. From this 
peculiarity in its construction it results that ea^h pair of tri- 
angles m/ust he counted as one plane throughout. Thus con- 
structed, the manipulation will be found to be exactly that of 

* Not the solid itself which with plane angles of this value is an im- 
possible form, but the planes projected as if for any other obtuse rhombo- 
bedron, for the projection is the same in alL 
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OF CRYSTAL MODELS. 11 

the cube, and every octahedron from the regular to the doMy 
Migue may be made up with the same &oility. 

To show that the gwui rhomhohedron from which those 
specnlations and results have been obtained, has no actual 
existence, see Figs. 78 and 79. 

Mods ov UsiNa the Eet. 

On the following page a key is given for making all the 
octahedrons, and on the opposite side the feces or planes under 
which they are contained. To use this key, a single glance 
will suffice to show that each face (which is supposed to be cut 
in cardboard), when traced round on a piece of cartridge-paper 
exactly in the order prescribed by the key, will make in the 
aggregate the projected model of its own octahedron. The 
numbers on the card pattern are sometimes made on one side ; 
if on both, the card is reversed, and the required numbers are 
then appended as shown in the triangles of dotted lines. 

It will be noticed in the key that certain of the faces are 
shaded ; this is done to indicate that in tracing the outlines of 
such feuses the card pattern is to be reversed; for on carefully 
examining the two opposite pyramids set on a common base of 
any octahedron, it will be found that while the fiftces of the two 
pyramids are all exactly alike, those of the one pyramid are 
always the reverse of the faces of the other pyramid. 

Typical Octahedron. — ^So called, because by its use pyramids 
of a given heigbt may be raised on all the faces of the regular 
octahedron. In its present form the three isosceles triangles 
composing a face are equal to 120^; these when meeting lie 
in one plane, and the model is that of a regular octahedron, 
with each face composed of three pieces instead of one. On 
making the isosceles angles equal to 118° 57' 55", a low pyramid 
is obtained, and the form becomes that of the octahedral fluor 
haloide^ and is called an octahedral trigonal isositetrahedron — 
that is, a crystal of twenty-four isosceles triangles, baving an 
octahedral aspect. If the isosceles angles are diminished to 
109° 28' 16", the well-known rhombic dodecahedron is the result. 

The projection, Fig. 18a, consists of thirty-two similar and 
eqtial rhombs of 60° and 120°, adjusted as in the figure. Each 
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rhomb is creaBed in the direction of the dotted lines, and is 
plaited byjbringing the face numbered 1 over the opposite face 
nmnbered 1, and so on in nmnerical order antil the model figure 
A a is obtained. 

TetrdhedraOi, — The tetrahedron, a regular solid of geometry, 
is contained under four equilateral triangles, and therefore all 
its plane angles are equal to 60^. The faces incline to each 
other at the edges at an angle of 70"" 81' 44". 

The projection for making the plaited model of this solid is 
shown in the subjoined Fig. 19 : — 

The tetrahedron is a half form (hemihedral), that is, has half 
the number of faces of the regular octahedron, the alternate 
faces of which when enlarged to infinity cut one another, and 
produce a model of four instead of eight faces. 

Sphenoids. — A sphenoid (from o-^Tyv, rp/6s, cuneus^ a wedge) is 
an irregular tetrahedron ; it bears the same relation to its allied 
octahedron, of which it is the hemihedral form, as the tetra- 
hedron does to the regular octahedron. The sphenoids resemble I 
the tetrahedyon, in haying the same number of triangular faces : 
but the triangles are never equilateral They are projected for 
modelling like those of the tetrahedron. 

Tetragonal Sphenoid is bounded by four similar and equal 
isosceles triangles, and is derived from the right square octa- 
hedron. (Fig. 20.) 

Might Bhombic Sphenoid. — Bounded by eight similar and 
equal scalene triangles-— derived from right rhombic octahedron. 
(Fig. 21.) 

Oblique Sphenoid. — Bounded by scalene triangles of two kinds 
— derived from oblique rhombic octahedron. (Fig. 22.) 

Doubly Oblique Sphenoid. — Bounded by scalene triangles of 
four kinds — derived from doubly oblique rhombic octahedron. 
(Fig. 23.) 

Tetrahedron (Typical). — For crystal purposes this form is I 
best made by resolving each of its triangular faces into three | 
isosceles triangles of 120°, which when plaited meet in the centre, 
and form one plane. When the isosceles angles are less than 120°.. 
they become elevated from the centre, and rise in the form of 
a three-sided pyramid on each face. In tetrahedral copper- 
glanccj for instiance, the angles are equal to 117° 2' 8", and 
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the pyramid is low. In dodecdhedral gamet4>lende the isos- 
celes angles are reduced to 112° 53' 7", the pyramids becoming 
raised in proportion. The limit to these modifications con^ 
fiists in making the isosceles angles equal to 90°; the re- 
sulting form is a cube. By using this method of making the 
tetrahedron, the relation between it and the cube, and the transi- 
tion from the one form to the other, are well displayed. It is 
essentially a typical model representing something which is 
capable of being eyolved on one and the same type, by the mere 
alteration of the plane angles of its isosceles faces. (Fig. 24.) 

Triangular Prirnn is contained under five planes — three lateral, 
which are squares or rectangles, and two terminal, which are 
equilateral triangles. From the fact of its being used by New- 
ton to decompose white light into its seven primitive colours, this 
form is familiar to every one. (Fig. 25.) 

To make the model, the planes are projected in the same order 
as in the cube. 

Squabs Pbisvatio Ststem 

has three axes, all at right angles, one longer or shorter than 
the other two. (In our examples the third axis is taken longer 
than the other two.) 

Forms : — Bight Square-haaed Octahedron. 
Bight Square Prima, 

Bight Square Octahedron. — To find the base (Fig. 26) : — Draw 
a — a' and h — h' (the first and second axes), equal to 2 * 2 inches. 
Because they are equal and rectangular, the square formed by 
joining their extremities by four straight sides is the ha^ of the 
octahedron, that is, the base common to the two isosceles pyra- 
mids composing the solid. 

To find the triangular face (Fig. 27) :— Draw c^c' (the third 
axis) equal to 3*3 inches, and let it be bisected in o, and let 
a — a' (the first axis) be perpendicular to c o. With radius a c 
place one foot of compasses in a, Fig. 26, and describe the arc c ; 
Tvith same radius describe the arc h c. The triangle ah cis a 
face of the octahedron. Because the faces are all equal, the 
three remaining triangles are found in the same way by using the 
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same radius. To distingtdsh the sides of the faces tlie numerals 
are now added; and these are repeated on the cardboard 
pattern of the fSEtoe, Fig. 80. This pattern being the same for 
all the outlines, would imply indi£ference as to position; bat 
reference to the key, Fig. 18, shows that the plan of each side 
of every plane is fixed and definite. 

Bight Square Prism (Fig. 32). — ^Bounded by six planes, four 
of which are rectangular, and two square. 

To find the square planes from the axes : — Draw the first and 
second axes a — a' and h — 6', Fig. 26, intersecting in o at right 
angles. Join the ends of the axes by straight lines ; then a h 
a' V is a square plane of the prism. 

To find a lateral plane of the prism by measurement from the 
axes : — ^Draw c o, half the third axis, and a — a', the first axis, 
at right angles to one another. With compasses take a &, a side 
of the square base. Fig. 26, and measure this distance along the 
line a' ^, Fig. 27. The parallelogram a' g e f ib the lateral 
plane. 

To make the model, these two faces are adjusted like those of 
the cube, as in the following Fig. 81 ; Fig. 88, terminal plane; 
Fig. 84, lateral plane. 

Bhombio System 

has three axes of unequal length, at right angles to each 
other. 

Forms : — Bight Bhomhic-hased Octahedron, 
Bight Bhomhic Prism. 
Bight Bectangular-hased Octahedron. 
Bight Bectangular Prism. 

Bight Bhomhic Octahedron. — ^To find the base : — ^Let the first 
and second axes a — a' and h — h\ Fig, 88, cut at right angles in 
0. Join the extremities by straight lines ; the rhomb ah a*V 
is the base of the octahedron. 

To find a triangular face : — ^Draw the half of the third axis, 
c o, Fig. 86, equid to 1 * 8 inch, and the second axis b — b\ equal 
to 2 * 2 inches. Make the first axis a — a' equal to 1 * 6 inch, 
and let it be measured along the second axis h — b'. 
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Right rectangular Octahedron and Prism. 
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Right rhombic Prism 
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Right rhombic Octahedron. 
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Right rhombic Octahedron and Prism. 
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Wiih compasses and with Tadins c a, Fig. 86, describe the 
arc a c, Fig. 35, and with radios h e, Fig. 86, describe the arc 
h c, Fig. 85 ; the two arcs shall cat in c, and the scalene triangle 
a 6 c is a face of the octahedron. Similarly, let the remaining 
triangles be set off from the sides of the rhombic base hj 
reference to the letters in Fig. 86, and let each triangle be 
snpplied with numerals exactly in the same order as m Fig. 26. 

To adjust the faces by the key. Fig. 18, so as to obtain the 
projection of the modd : — Cat oat of cardboard the triangle 
c a' h\ Fig. 85. This constitutes the pattern round which the 
tracings are made of eyery triangle in the model. 

(12 

On the obverse face of the pattern write the numbers ] o aI 

and on the reverse fsKse, shown by the dotted lines, the 
numbers { J 1 1- (Kg. 87.) 

Now let outlines of the pattern be traced on a sheet of 
cartridge-paper, so that the numbers on the pattern and on the 
key shall correspond, being careful that where the planes are 
shaded the pattern is reversed before making its outlines. 

Finally, having obtained the projection, Fig. 88, let the order 
in which the faces are to be plaited into the model be indicated 
by the numbers as shown in Fig. 16. 

To find the six planes of the right rhombie prism: — ^These 
consist of two terminal faces which are rhombs^ and four lateral 
planes which are rectangles. 

To find the rhombic or terminal faces : — Let the first and 
second axes a-Hx! and b — b' intersect in o, Fig. 85, at right 
angles. Join their extremities by straight lines; Uie rhomb 
thus made is the terminal face required. 

To find the lateral planes of the right rhombic prism : — ^On 
the line V b, Fig. 86, measure off V d equal to a 6, Fig. 35. 
Make d e, Fig. 86, equal to c o, and describe the parallelogram 
V d ef which is the required lateral plane. 

To adjust the planes on a plane surface for the purpose of 
plaiting them into the model, see Fig. 39. 

Bight Rectangular Octahedron — derived from the right rhom- 
bic octahedron — ^bounded by eight isosceles triangles of two kinds. 
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To find the hose : — Bisect the sides of the rhomb aha! b', 
Fig. 43. Join the bisecting points by straight lines; the 
rectangle d e / ^ is the base of the octahedron. 

To find the /ace« : — With radios d, Fig. 43, draw the arc 
(dotted lines) d e, it shall cut h V (the second axis) in K Measure 

E along h h\ Fig. 44 ; then c E is eqnal to any side of an 
isosceles face, and the triangles c d e and c d g 9xq the two 
faces of the octahedron. 

Bight Rectangular Prigm is contained nnder six faces, which 
are rectangles — two terminal and four lateral. 

To find the two terminal planes : — These are equal to the 
base of the octahedron defg. 

To find the two hroad lateral jplames : — Along the line h h\ 
Fig. 44, measure E I equal to d ^, Fig. 48, and describe the 
parallelogram K Z m n, which is equal to the required plane. 

To find the narrow lateral planes : — On the line h h\ Fig. 44, 
measure E s equal to d e. Fig. 43. The parallelogram "Kstn 
is equal to the lateral plane required. 

Oblique Fbismatio System. 

Three axes, all unequal in length : two, a — a' and h — h\ at 
right angles ; the third, — c', oblique to one and perpendicular 
to the other. 

Form»: — Oblique Bhomhic-based Octahedron. 
Oblique Bhombic Prism, 
' Oblique Beetangular-hased Octahedron. 
^^ Oblique Bectangular Prism, 

Oblique BhomUc-based Octahedron. — Contained under eight 
scalene triangles of two kinds. 

To find the base : — ^Draw the first axis (a — a') equal to 1 * 6 inch, 
and the second axis (b — V) equal to 2*2 inches, at right angles 
to one another. Let the extremities be joined by straight lines. 
The rhomb ab a^ V is the base. 

To find the two triangular faces (Fig. 49) : — Draw c o (half 
the third axis) equal to 1 * 8 inch, a — a' (first axis) equal to 

1 * 6 inch, at right angles to one another. Let b — V (the second 
axis) cut c o in o obliquely, so that coV shall be equal to 120^. 
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Oblique rectangular Prism. 
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Take compasses, and with radius a c describe the arc a c, 
Fig. 48, and with radius h c, Fig. 49, describe the arc & c, Fig. 48. 
The two arcs shall cut in c, and the triangle a & c is a face of 
the octahedron. Similarly, let the other fiftces be set off upon 
the sides of the base, and append the numbers. Of the four 
faces thus formed, the two upper ones are obverse and reverse to 
one another, and the lower ones are the same. Hence the form 
is contained under faces of two kinds only. 

Oblique Bhornbic Prwm.— Bounded by two terminal planes 
which are similar rhombs, and four lateral planes which are 
similar rhomboids. 

To find the terminal faces : — Let the rhomb ah a^ h\ Fig. 48, 
be the terminal faca 

To find the lateral planes (Fig. 49):— Draw Or—a' (the first 
axis) at right angles to c — o (the third axis). Take a h any 
side of base, Fig. 48, and with one foot of compasses in b\ 
Fig. 49, draw the arc h g: it shall cut a — a' in g. Upon b' g 
describe the parallelogram b' g ef. The required lateral plane 
is the rhomboid b' g ef. 

Of this prism there are two varieties : in the first the obliquity 
takes place along the greater diagonal of the terminal rhombs ; 
in the second variety the obliquity occurs. in the shorter diagonal 
of the terminal planes. Both are obtained by altering the ad- 
justment of the same planes. 

Oblique Bectangular Octahedron. — Derived from oblique 
rhombic octahedron. Bounded by isosceles triangles of two 
kinds and scalene triangles of one kind. 

To find the base: — Bisect the side of the rhombic octa- 
hedron from which it is derived ; join the bisecting points by 
straight lines — ^the rectangle abta/V is the base of the octa- 
hedron. 

To find the isosceles triangles (Fig. 59) : — Let c o (half the long 
axis)=rl*8 inch, cut b — b (the second axis) equal to 2-2 inches 
at an oblique angle, so that cob' shall be equal to 120°. 

With compasses take the distance oa'^ Fig. 58, and with 
radius o a' describe the arc a' b: it shall cut bb' in d ; with 
same radius describe the arc a &' : it shall cut bVm d\ Measure 
d d'. Fig. 1, along the line b b\ Fig. 2. 
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To find the shorter triangular face : — Take the distance d c, 
Fig. 59, and with one foot of compasses in b, Fig. 58, describe 
the arc 5 c ; with same radius describe the arc a' c ; they shall 
cut in c. The shorter triangular face is a' h c. 

To find the longer triangular face : — Take the distance d' c, 
Fig. 59, draw the arc a c, Fig. 58, and with same radius draw 
the arc V c ; they shall cut in c ; then a 6' c is the longer triangle. 

To find the scalene triangle ahc : — Upon the side a & of the 
rectangular base. Fig. 58, and with radius equal to side a c of 
the longer triangle, set one foot of compasses in a, and draw 
the arc a c ; and with radius equal to side b c of the shorter 
triangle, place one foot of the compasses in h and draw the arc 
he; the two arcs shall cut in c, and a 6 c is the scalene 
triangle. Append the numbers to each face. 

Oblique Bectangular Prism, — Bounded by rhomboid lateral 
planes of one kind and rectangular planes of two kinds. 

To find the lateral rhomboid face : — ^With radius a &, Pig. 58, 
set one foot of compasses in d\ Fig. 59, and measure d' I along 
the line h h\ Upon d' I describe the parallelogram d'lmn; then 
dlmniB the rhomboid face. 

To find the lateral rectangular face: — With radius o'6, 
Fig. 58, set one foot of compasses in d'^ Fig. 59, and measure dg 
along the line at right angles to n d\ Upon d' g describe the 
lateral rectangular face d! gpn^ which was required. 

To find the terminal plane: — Let aha'h\ Fig. 58, be the 
terminal plane. 

Doubly Oblique Pbismatio System * (Teiolinio-Anoethic). 

Axes all unequal in length, and all oblique to each other. 

Forms : — Doubly Oblique Bhombic Octahedron, 
- Doubly Oblique Bhomhic Prism. 

The Octahedron. — To find the base : — Let the short axis a—a\ 
equal to 1*6 inch, cut the second axis h — h' at an oblique angle, 
so that the angle aob shall be equal to 100°. Join the extrem- 
ities by straight lines ; then a 6 a' 6' is a rhomboid, the common 
base of the two pyramids of the octahedron. 

* "From their great apparent irregularity are exceedingly diflBcult to 
study and understand.*' — Fownes. 
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Doubly oblique Rhombic Octahedron. 
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Doubly oblique Rhombic Prism. 
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Doubly oblique derived Octahedron and Prism. 
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To find the triangfdar faces : — Let c o, Fig. 65, be half the 
third axis, equal to 1*8 inch ; let it be intersected in o by the 
short axis a — a\ equal to 1*6 inch, and at such an obliquity that 
the angle coo! shall be equal to 110°. In like manner let the 
second axis h — h\ equal to 2*2 inches, intersect, so that the angle 
c 6' is equal to 104°. 

With radius c a place one foot of compasses in a. Fig. 64, 
and draw the arc a c. Take h a. Fig. 65, and draw the arc h c, 
Fig. 64 ; the two arcs shall cut in c, and the scalene triangle 
a 6 c is one of the faces. To find a second face a' h c, proceed as 
before, the letters in both figures coinciding. The four scalene 
triangles are ah c, a' h c, a' V c, and a V c. Append the numbers 
for using the key. 

The Doubly Ohliqtie Bhomhic Prism, — To find the terminal 
planes : — The base aha' h\ Fig. 64, is one of the two terminal 
planes. Draw the lines e a, e a\ e h\ Fig. 65, at right angles to 
c o\ indicating the relative elevations of the two ends of the first 
axis a a\ and of the lowest end V of axis h h\ 

To find the lateral face h'klm (Fig. 65) :— With radius a 6, 
Fig. 64, and foot of compasses in 6, Fig. 65, describe an arc ; it 
shall cut the line e a at A;. Upon h' k describe the parallelogram 
h'hlm, which is the rhomboid required. 

To find the lateral face h' rsm, dotted lines (Fig. 65) : — With 
radius a' h, Fig. 64, and one foot of compasses in 6', Fig. 65, 
describe an arc; it shall cut h' r in r. Upon h'r set the 
parallelogram h'rsm^ which is the second lateral rhomboid of 
the prism. 

A secondary octahedron and prism belong to this system. 
They take the place of the rectangular forms in the oblique 
rhombic system. 

To find the ha>se of the secondary octahedron (Fig. 69) : — Let 
a 6 a' 6' be the base of the primary form ; bisect the sides, and 
join the bisecting points d d' e' e by straight lines ; the rhom- 
boid e d' d e' is the hose required. 

To measure the distances from c of the four angles of this 
rhomboid along the second axis b (Fig. 70) : — With one foot of 
compasses in o. Fig. 1, take the distance o d, and measure off 

c 2 
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this distance o d along the second axis, Fig. 2. Similarly with 
radios o d\ Fig. 69, describe the arc o d' on the axis h h\ Fig. 70. 
In like manner set off o e and o e' on & &', Fig. 70. 

The fonr triangular faces can now be obtained : — With radius 
d Cy Fig. 70, set one foot of compasses in d, Fig. 69, and de- 
scribe the arc d' c. Similarly with radios d* c, Fig. 70, describe 
the arc d c, Fig. 69 ; the two arcs shall cut in c, and the triangle 
dd* ciB one of the foor iaceB, Let the sides of the remaining 
triangles be projected in the same way. The foor scalene faces 
thos foond are c d d\ c e' d', c e' e, and c e d. They are adjusted 
to make the model (see Fig. 71). 
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To find the faces of the prism : — Let d e, d' e' at right angles 
to c o, Fig. 70, be the lines of elevation of the angles of the rect- 
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angular base on the upper half of the seoond axis h h\ and let 
ie^8 e\ be the lines of elevation of the angles of the rectangle on 
the lower half of the same axis. 

Lateral plane (a). — Take c2 e, Fig. 69, and with one foot of 
compasses in (2, Fig. 70, describe the arc dk; it shall cut the line 
«e in A;. Upon A k describe the rhomboid Icdmn, which is the 
lateral plane (a) required. 

Lateral plane (j3). — With radius d d\ Fig. 69, and foot of com- 
passes in e\ Fig. 70^ describe the arc e' f, cutting the line s e' in/. 
Upon the dotted line e' / describe the rhomboid ^ f g\ which is 
the lateral plane ()3) required. 

Terminal plane is the base e d d! e\ Fig. 69. For the adjust- 
ment of planes, see Fig. 73. 

Bhombohbdral System. 

Axes three, equal in length, intersecting at an angle of 60° ; 
the fourth perpendicular to the other three, and varying in 
length. 

ForxMi — Bhombohedron^ scalenohedron, regular hexagonal prtsm^ 
regular double six-sided pyramid. 

1. Bhomhohedron, — A solid, contained under six similar and 
equal rhombs.* These forms are of two kinds, the obtuse and 
the acute, the distinction arising from the structure of the solid 
angles of the principal axis. Li the obtuse variety the solid 
angles are composed of three faces, the plane angles of which 
are greater than 90°, Fig. 76 ; in the acute variety the plane 
angles of the pyramid are less than 90°, Fig. 77. 

The rhombs are adjusted in the same numerical order, and 
plaited like the square faces of a cube. 

Obtuse Bhambohedron with the plane angles of its faces equal 
to 60° and 120° an impossible solid. — ^Let it be required to con- 
struct an obtuse rhombohedron, which shall be contained under 
six faces, the plane angles of which are equal to 60° and 120°. 
By adjusting these faces according to the key, Fig. 81, a pro- 
jection like Fig. 79 is obtained. On proceeding to plait this 

* A rhomb is that which has its four sides equal, but its angles are not 
Tight angles. 

o 3 
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projection into the required form, it is found that by no inge- 
nuity can it be converted into a solid. We have in fact been 
attemptiug an impossibility, which results not from any error in 
the process itself, but from the neglect of a self-evident geome- 
trical truism, that *' when three plane angles of 120^ meet, they 
lie in one plane," and hence cannot form a solid angle. What 
actually does result, is that the figure subsides into a low, flat- 
tened pile of rhombs, arranged in the form of a hexagon, Fig. 78. 
This exceptional rhombohedron was noticed by Brooke. 

A second method for projecting the planes of this quasi rhom- 
bohedron is given in Fig. 79a. It is worthy of notice ; for 
while in its present state it refuses to assume the form of a soHd, 
yet, by simply creasing its rhomhic faces in their short diagonal, it 
becomes at once converted into the regular octahedron. Fig. 17, 
which see. 

MODB OF UsiNa THE EeT. 

Describe a face of any given rhombohedron. Fig. 82, cnt it 
out in cardboard for a pattern, and draw a line across its long 
diagonal. 

Next trace on a sheet of paper successive outlines of the 
pattern, so that the directions of its diagonals shall correBpond 
with those of the key. When the direction of the dotted lines 
in the key is followed, the model will be an obtuse rhombo- 
hedron ; but when the long diagonal of the pattern corresponds 
with continuous lines on the key, the model is a,cute. 

Two distinct forms are thus seen to be produced from one 
and the same plane by the mere shifting of its sides : it follows 
that it is not a matter of indifference as to which pair of sides 
shall meet to form an edge; and, moreover, that, while the 
process of plaiting determines the relative position of all the 
faces themselves, it does not locate that of the sides of those 
faces. Hence the necessity for some simple expedient like that 
which has been here adopted. 

Acute Bhomhohedron of Carbonate of Iron, — This solid has 
two of the faces of an acute pyramid inclined to each other at 
their edge, at an angle of 67° 20'. (Phillips.) 
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To find the plane angles of a face : — 

Log. ^r—. — TT = cos i a. 
^ 2 sm i A ^ 

Let A = 67° 20'. 

i A = 33^ 40'. 

L smiA= 9-7437921. 

L 2BiniA = 10-0448221. 

L ^ } , ^ = 9-9561779 • 
2 8in ^ A 

Hence, 

COS J A = 25° 36' 85" 

. • . A = 50° 73' 70" = the phine acute angles of the rhomb. 

The plane angles of the rhomb, therefore, are equal to 
50° 73' 70" 
128° 45' 50". 

To make the figure, the planes are adjusted as in the pro- 
jection, Fig. 75. See Key. 

Obtuse Ehombohedron. 
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Scalenohedron, — The plane angles of a face of the obtnse 
rhombohedron of calcite given, to find the scalene triangular 
face of the scalenohedron. 

First, find the principal axis of the rhombohedron: — Let 
Fig. 85 be a rhomb with plane angles equal to 101° 54' 50", 
and let A C be its long diagonal, and B D its short one. 

With any side A B, Fig. 85, describe the equilateral triangle 
E F 6, Fig. 86 ; and let O be its centre. 

Produce (Fig. 87) the straight line A X, on which to find 
the principal axis ; and with radius equal to side A B, Fig. 85, 
describe the arc c c, Fig. 87. 

Take the line G O, Fig. 86, and set it at right angles at some 
point along the line A X ; it will be found to cut the arc c c 
in B. Then AB, Fig. 87, is equal to a side of the rhomb; 
B C is equal to its short diagonal ; while A C is the principal 
axis. 

To make the scalene triangle of the scalenohedron: — Produce 
the line A C, Fig. 87, to S, so that A S is equal to the axis A C. 
Complete by dotted lines the parallelogram A B C £, and make 
the scalene triangle^ Fig. 88 : — 

AB = SE,Fig. 87, 
A C = S B, „ „ 
BC = BO, „ 85. 

Double Six-sided Pyramid. — Bounded by twelve equal and 
similar isosceles triangles. 

Like the scalenohedron, and belonging to the same system, 
it is made by joining two of the faces together by their sides, 
and treating the trapezium thus formed as if it were a rhomb. 
Counting two planes as one, they are then adjusted as if for a 
rhombohedron, numbered in the same order, and made up into 
a model with the same facility. (Fig. 93a.) 

Hexagonal Prism. — Contained under eight faces — six lateral 
rectangles, and two terminal hexagons. Inclination of lateral on 
terminal planes equal to 90*^ ; inclination of lateral planes eqnal 
to 120°. 

Instead of using eight planes, it is far more convenient to 
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resolye each terminal hexagon into three rhombs, the plane 
angles of which are eqnal to 60° and 120^. The model can 
now be made by adjusting the planes as in Fig. 94. It will 
be found to be contained under twelve faces, viz. three rhombs 
composing each terminal plane, and six rectangles — making 
twelve in all. By using the type composed of four fillets 
(Fig. 94), we obtain the model itself in a compact and stable 
form, but its terminal hexagons present a mosaic of three 
pieces, all lying in one plane. We may now call a model thus 
constructed a typical hexagonal prism, inasmuch as by altering 
the plane angles of the rhombs, pyramids of three and six sides 
can be raised on its ends, forming modifications which imitate 
natural crystals, as of quartz, &c. (See Fig. 95a.) 

Acute BJufmhohedron containing a nucleated regular octahedron 
(Fig. 96) : — Let the plane angles of the rhomb, Fig. 97, be equal 
to 60° and 120^. Make the plane projection, Fig. 98, and shade 
the faces as in the figure. When the model is completed, the 
octahedron will appear as shown in Fig. 96. 

Cbystal Qbowth; Cleavage. 

Besides mere hollow models, the plaiting process enables us 
to insert a nxmiber of similar forms of different sizes, one within 
the other, so as to resemble real solids composed of concentric 
layers. 

A model made by enclosing cube within cube resembles a 
real crystal more nearly than one which displays its faces 
only. It is strikingly suggestive of the mode adopted in the 
natural growth of a crystal, in its cleavage, and in other 
structural peculiarities. Crystals are conceived to increase in 
magnitude by the continual addition of plates of molecules to 
their surfaces. 

The structure of crystals in the order in which their mole- 
cules are arranged may be illustrated by an experiment with 
common salt. K a portion of this salt be dissolved in water, 
and the water be allowed to evaporate slowly, rectangular 
crystals will be developed, deposited on the sides and bottom of 
the vessel. These will at first be very minute, but they will 
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increase in size as the evaporation proceeds ; and if the quantity 
of salt dissolved be sufficient, they will at length attain a 
considerable magnitude. 

If the edge of a knife be applied to the surface of any one of 
these crystals in a direction parallel to one of its edges, the 
crystal may, by a slight blow, be cleaved parallel to one of its 
sides. 

It is hence inferred that the molecules of crystals are so 
arranged as to form plates in the direction of all their primary 
planes. 

This peculiarity in crystal structure is well exemplified in 
the model, Fig. 100, which is supposed to consist of a series of 
cubes, small at first, but gradually enlarging from the centre. 
A model thus constructed will permit of needles being thrast 
through its entire thickness in directions ^rallel to its sides, but 
in no other directaons. 

Parallel markings in straight lines are found on the surfaces 
of many natural crystals. These are called striae (from the 
Latin word stria, a groove or channel). They are often seen in 
the cubes of iron pyrites. The strise on any given face being 
always perpendicular to those on its adjacent faces (Fig. 106). 
This character can be imparted to a model with the greatest 
ease by drawing parallel lines longitudinally along each fillet 
(Fig. 105), which will so intersect in plaiting that the model 
will become an exact fac-simile of the natural crystal (Fig. 106). 

These results are suggestive of the primordial arrangement of 
the molecules in crystal forms. What, for instance, should 
hinder the particles, when starting into activity, from aggre- 
gating themselves into three distinct infinitesimally thin 
laminsB? destined to grow in three zones; and further, that 
each zone shall be endued with a force compelling it to bend at 
a right angle at given intervals, and that these zones shall 
overlap one another after the manner of a plait, thus forming 
a minute cubic crystal. The same forces continuing to act, this 
minute crystal may constitute the nucleus around which 
hundreds — nay, thousands — of fresh laminas shall develop 
themselves, each forming a fresh nucleus to the next outer one, 
until finally the entire form shall consist of an almost innumer- 
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able series of hollow cubes, so closely packed as to become 
virtually a solid. 

On this hypothesis the cleavage property of a crystal becomes 
almost a necessary result ; the natural joints or intervals of 
disintegration consisting of the spaces between the nucleated 
forms of which the crystal is constructed. 

Of Crystals of Bismuth and of Bromide and Iodide of 
Potassium, — It is not usual for crystal forms to disclose to view 
any part of their structure, excepting that which lies directly 
on their surface. An opportunity is seldom afforded, therefore, 
of obtaining a survey of their interior. Hence the initial 
direction in which the particles are propelled by their respective 
forces, in order to build up a crystal, is for the most part a mere 
matter of conjecture. Some remarkable exceptions do occur, 
however, in certain crystals where nearly the entire face, 
excepting only a narrow margin near the edge, is absent. These 
deficiencies are seen to be replaced by deep excavations which 
frequently descend almost to the centre. Examples of this 
peculiarity in structure are afforded in the slowly cooled 
crystals of bismuth and in crystals of the bromide and iodide 
of potassium. The hollows above noticed present the appear- 
ance of four-sided pyramids, their apices pointing inwards 
towards the centre. They appear to consist of a series of 
square frames piled up one upon the other, and growing sensibly 
and abruptly bigger from within outwards ; they become gradu- 
ated, so that each side of the pyramid assumes the appearance 
of a miniature flight of steps. 

From the facilities afforded by the plaiting process for con- 
structing a nucleated model of the. cube, it appeared not 
improbable that by substituting square fram£s for square faces, 
as shown in Fig. 108, models of these beautiful crystals might 
be made, and if so, that a clue would be thus obtained as to the 
mysterious process adopted by nature in the formation of 
structures at once so intricate and incomprehensible. 

The resulting model with its projection are shown in the 
figures. 

Even solid crystals, if transparent, may sometimes present 
certain markings which are suggestive of their development. 
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In some specimens of uric acid it was noticed by Dr. Gelding 
Bird, that nnder the microscope '^ they appeared nucleated from 
the presence of certain interned markings, as if one crystal included 
another ; " and again, that ** when the rhombic outline of the crystal 
is replaced by a square one, in such crystals an internal marking 
like aframe-work is visible J* 
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the French by C. J. Wharton. Crown 8vo, cloth, 4^. 6^. 

Practical Electrical Units Popularly Explained, with 

numerous illustrations and Remarks. By James Swinburne, late of 
J. W. Swan and Co., Paris, late of Brush-Swan Electric Light Company, 
U.S.A. i8mo, cloth, ij. 6^. 

A Treatise on the Use of Belting for the Transmis- 
sion of Power. By J. H. Cooper. Second edition, illustrated^ 8vo, 
cloth, 15J. 

A Pocket-Book of Useful Formulce and Memoranda 

for Civil and Mechanical Engineers. By GuiLFORD L. Molesworth, 
Mem. Inst. C.E., Consulting Engineer to the Government of India for 
State Railways. With numerous illustrations^ 744 pp. Twenty-first 
edition, revised and enlarged, 32mo, roan, 6s, 

Synopsis of Contents: 

Surveying, Levelling, etc.— Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses— 'Flooring, Roofing, and Roof 
Trusses— Girders, Bridges, etc. — Railways and Roads— Hydraulic Formulae— Canals, Sewers, 
Waterwoiks, Docks — Irrigation and Breakwaters — Gas, Ventilation, and Warming^Heat. 
Light, Colour, and Sound— Gravity : Centres, Forces, and Powers— Millwork, Teeth of 
Wheels, Shafting, etc. — Workshop Recipes — Sundry Machinery^-Animal Power — Steam and 
the Steam Engine— Water-power, Water-wheels, Turbines, etc.— Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc.— Gunnery, Projectiles, etc.— Weights, 
Measures, an'd Money — ^Trigonometry, Conic Sections, and Curves— Telegpraphy— Mensura- 
tion— Tables of Areas and Circumference, and Arcs of Circles— Logarithms, Square and 
Cube Roots, Powers — Reciprocals, etc. — Useful Numbers— Differential and Integral Calcu- 
lus—Algebraic Signs— Telegraphic Construction and Formula. 
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Hints on Architectural Draughtsmanship. By G. W» 

TuxFORD Hallatt. Fcap. 8to, doth, ix. 6</. 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors' Handbook,' 'Horsfs Tredgold's Carpentry,' etc. Kinth 
edition, 64mo, roan, gilt edges, ix. ; or in cloth case, \s, 6^. 
This woric U printed in a pe^ t^pe, and is so small, measuring only 9.\ in. by x| ia. by 
i in. thick, that it may be easily earned in the waistcoat podcet. 

" It is certainly an extremely rare thing for a reviewer to be called upon to notice a Tolume 
measuring but a| m. by if in., jret these dimensions faithfully represent the size of the handy 
little book before us. The volume-^which contains iz8 printed pages, besides a few blank 
IMiges for memoranda— is, in fact, a true podcet-book, adapted for being carried in the waist- 
coat pocket, and containing a far greater amount and variety of information than most peop'.e 
would imagine could be compressed into so small a space. .... The little volume has been 
compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion."— ^fi^^WMrrwif^. 

A Practical Treatise on Natural and Artificial 

Concrete^ its Varieties and Ccnstnutive Adaptations, By Henry Reid, 
Author of the * Science and Art of the Manufacture of Portland Cement.* 
New Edition, with 59 woodcuts and ^ plates^ 8vo, cloth, 151. 

Notes on Concrete and Works in Concrete; especially 

written to assist those engaged upon Public Works, By John Newman, 
Assoc. Mem. Inst. C.E., crown 8vo, cloth, \s, 6d, 

Electricity as a Motive Power. By Count Th. Du 

MoNCBL, Membre de Tlnstitut de France, and P'rank Geraldy, Inge- 
nieur des Ponts et Chaussees. Translated and Edited, with Additions, by 
C. J. Wharton, Assoc Soc. TeL Eng. and Elec IVith ii^ engravings 
and diagrams f crown 8vo, cloth, 7^. M. 

Treatise on Valve-Gears^ with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner, 
Professor of Applied Mechanics at the Confederated Polytechnikum of 
Zurich. Translated from the Fourth German Edition, by Professor J. F. 
Klein, Lehigh University, Bethlehem, Pa» Illustrated, 8vo, cloth, I2j. 6d. 

The French' Polishers Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, dd. 

Hops, their Cultivation^ Commerce, and Uses in 

various Countries. By P. L. SiMMONDS. Crown 8vo, cloth, 41. 6d, 

The Principles of Graphic Statics. By George 

Sydenham Clarke, Capt Royal Engineers. With 112 illustrations, 
4to, cloth, \2s. 6d. 
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DynamchElectrtc Machinery : A Manual for Students 

of Electro-technics. By Silvanus P. Thompson, B.A., D.Sc, Professor 
of Experimental Physics in University College, Bristol, etc., etc. Second 
edition, iUtistrated, 8vo, cloth, I2s, 6d. 

Practical Geometry^ Perspective^ and Engineering 

Drawing; a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
etc., together with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By George S. Clarke, Capt. R.E. Second 
edition, wiih 21 plates* 2 vols., cloth, lOr. 6d, 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt. 
K.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations^ crown 8vo, cloth, 5j. 

A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood engravings and 2() plates^ cloth, 28J. 

Synopsis of Contents : 

Introduction— History of Gas Lighting — Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.— Coal, with Analyses, by Jf. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrs. — Retorts, Iron and Clay— Retort Setting — Hydraulic Main — Con- 
densers ^ Exhausters — Washers and Scrubbers— Purifiers— Purification — History of Gas 
Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holders — Station M eter — Governor — Distribution- 
Mains — Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq.— 
Services — Consumers* Meters— Regulators— Burners— Fittings — Photometer— Carburization 
of (kis— Air Gas and Water Gas— Composition of Coal Gas, by Lewis Thompson, Esq. — 
Analyses of Gas— Influence of Atmospheric Pressure and Temperature on Gas— Residual 
Products— Appendix — Description of Retort Settings, Buildings, etc., etc. 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals, By W. R. Kutter. Translated from articles in 
the * Cultur-Ingenieur,' by Lowis D'A. Jackson, Assoc. Inst. C.E. 
8vo, cloth, 1 2 J. dd. 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3^. 

Tin: Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charleton, Mem. American Inst, of 
Mining Engineers. With plates ^ 8vo, cloth, I2J. dd, 
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Perspective^ Explained and Illustrated. By G. S. 

Clarke, Capt R.E. With illustrations^ 8vo, cloth, y. 6^. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc By Thomas Box. Fifth edition, 
numerous plates^ post 8vo, cloth, 5^. 

The Essential Elements of Practical Mechanics; 

based on the Principle of JVori, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, with 148 wood engravings^ post 8vo, cloth, 
^s. 6d, 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of Uie most beautiful Laws of Motion^Chap. ). The princi^es expounds! in the first and 
second chapters are applied to the Motion of Bodies— Chap. 4. The Transmission of Work by 
simple Machines— Chap. 5. Useful Propositions and Rules. 

Breweries and Mattings : their Arrangement, Con- 
struction, Machinery, and Plant By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E., 
M.I.M.E. mth 20 plates, 8vo, cloth, i8j. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical IVaterwheels, specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. PVtU 
II plates. Second edition, revised and enlarged, small 4to, cloth, I2J.6</. 

A Practical Treatise on Mill-gearing, Wheels, Shafts, 

Riggers, etc,; for the use of Engineers. By THOMAS Box. Third 
edition, with w plates. Crown 8vo, cloth, 7j. 6</. 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andre, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on CoaJ Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
a vols., cloth, 3/. I2X. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting— Ventilation— Pumping— 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railways, Canals^ 

Roads, etc., varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated, 32mo, cloth, 2s, 6d. 
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The Science and Art of the Manufacture of Portland 

Cement^ with observations on some of its constructive applications. With 
66 illustrations. By Henry Reid, C.E., Author of 'A Practical 
Treatise on Concrete,' etc., etc. Svo, cloth, i8j. 

The Draughtsman! s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9^. 

Contents: 

The Drawing Office and its Furnishings— Geometrical Problems— Lines, Dots, and their 
Combinations — Colours, Shading, Lettering, Bordering, and North Points — Scales — Plotting 
—Civil Engineers' and Surveyors' Plans— Map Drawing— Mechanical and Ardiitectursd 
Drawing— Copying and Reducing Trigonometrical Formulae, etc., etc. 

I 

The Boiler-maker s andiron Ship-builders Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of ' Mechanical Tables,' etc. Second edition revised, with illustra- 
tions, crown 8vo, cloth, 5^. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. . By G. G. Andri^, 
F.G.S., Assoc. Inst C.E. With 56 illustrations and \2 plates, 8vo, cloth, 
I Of. 6^. 

Painting and Painters Manual: a Book of Facts 

for Painters and those who Use or Deal in Paint Materials. By C. L. 
CoNDiT and J. Scheller. Illustrated, 8vo, cloth, lor. 6^1 

A Treatise on Ropemaking as practised in public and 

private Rope-yards, with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3^. 

Laxtons Builders and Contractors' Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5j. 

Laxtons Builders' and Contractors' Tables, Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 5^. 
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Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plaies and woodcuts ^ 8vo, cloth, i/. lar. 

Screw Cutting Tables for Engineers and Machinists y 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc Cloth, oblong, 2J. 

Screw Cutting Tables^ for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, u., or sewed, 6d, 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide-Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, 6j. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6</. 

A Glossary of Terms used in Coal Mining. By 

William Stukeley Gresley, Assoc. Mem. Inst. C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated with 
numerous woodcuts and diagrams^ crown 8vo, cloth, 5^. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 5j. 

Electrolysis: a Practical Treatise on Nickeling, 

Coppering, Gilding, Silvering, the Refining of Metals, and the treatment 
of Ores by means of Electricity. By Hippolyte Fontaine, translated 
from the French by J. A. Berly, C.E., Assoc. S.T.E. With engravings, 
8vo, cloth, 9J. 
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Barlow's Tables of Squares^ Cubes^ Square Roots, 

Cube Roots^ Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
cloth, &r. 

A Practical Treatise on the Steam Engine^ con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and t^d plates y in one Volume, half-bound morocco, 2/. 2j.; 
or cheaper edition, cloth, 25X. 

This work b not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. ^ The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods. Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, aud Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

A Practical Treatise on the Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities^ etc, with a 
general description of the several Instruments required for Surveying, 
Levelling, Plotting, etc By H. S. Merrett. Fourth edition, revised 
by G. W. UsiLL, Assoc. Mem. Inst. C.E. 41 plates^ with illustrations 
and tables, royal 8vo, cloth, 12s. 6d. 

Principal Contents : 

Part I. Introduction and the Principles of Geometry. Part a. Land Surveying; com- 
prising General Observations— The Chain— Offsets Surveying by the Chain only^-Surveying 
Hilly Ground— To Survey an Estate or Parish by the Chain only— Surveying with the 
Theodolite— Mining and Town Surveying^Railroad Surveying— Mapping— Division and 
Laying out of Land — Observations on Enclosures — Plane Trigonometry. Part 3. Levelling^ 
Simple and Compound Levelling— The Level Book— Parliamentary Plan and Section- 
Levelling with ia Theodolite— Gradients— Wooden Curves— To Lay out a Railway Curve- 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates— Cuttings and 
Embankments— Tunnels— Brickwork— Ironwork— Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Hotting— The Improved Dumpy Level— Troughton's 
Level — The Prismatic Compass — Proportional Compass— Box Sextant— Vernier- Panta- 
graph — Merrett's Improved Quadrant— improved Computation Scale— The Diagonal Scale- 
Straight Edge and Sector. I^ 6. Logarithms of Numbers— Logarithmic Sines and 
Co-Sines, Tangents and Co-Tangents— Natural Sines and Co-Sines— Tables for Earthwork^ 
for Setting out Curves, and for various Calculations, etc., etc., etc 

Health and Comfort in House Buildings or Ventila- 
tion with Warm Air by Self-Acting Suction Power^ with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, with plates^ demy 8vo, cloth, *js, 6d. 
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The Assay et^s Manual: an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by W. T. Brannt. With 65 
iliustrmtionSf 8vo, cloth, 12s, 6d, 

Electricity: its Theory, Sources, and Applications. 

By J. T. SpRAGUE, M.S.T.E. Second edition, revised and enlarged, with 
numertnts illustrations^ crown 8vo, cloth, 15^. 

The Practice of Hand Turning in Wood, Ivory y Shell, 

ete,y with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Third edition, with wood engravings^ crown 8vo, cloth, 6j. 

Contents : 

On Lathes— Turning Tools— Turning Wood — Drilling; — Screw Cutting— Miscellaneous 
Apparatus and Processes— Turning Particular Forms — Staining — Polishing— Spinning Metals 
^Materials— Ornamental Turning, etc. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations^ crown 
8vo, cloth, 6j. dd. 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools— Timc^Historical Sum- 
mary—On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes, 
Trams, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up— The Verge— The Horizontal— The Duplex— The Lever— The Chronometei— Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring— Compensation — ^Jewelling of 
Pivot Holes— Clerkenwell— Fallacies of the Trade— Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

Algebra Self -Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc InsL C.E., Author of * A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, 2J. 6^. 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity- 
Positive and Negative Quantities — Multiplication — Involution — Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms— Logarithms— Tables of Logarithms 
and Proportionate Parts — Transformation of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem— Division, 
Fractions, and Ratio— Continued Proportion^-The Series and the Summation of the Series- 
Limit of Series— Square and Cube Roots— Equations — List of Formuke. etc. 

Spons' Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal Svo, 
in 8 divisions, $/. 8j. Complete in 3 vols., cloth, 5/.- 51. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. I2x. 
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Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem. Inst M.E., 
Mem. Inst. C,E., Mem. Soc of Engineers. Crown 8vo, cloth, 2/. 6^. 

Cmioe and Boat Building: a complete Manual for 

Amateurs, containing plain and comprehensive directions for the con- 
struction of Canoes, Rowing and Sailing Boats, and Hunting Craft. 
By W. P. Stephens. With numerous illustrations and 24 plates of 
Working Drawings, Crown 8vo, cloth, 7j. 6^. 

Proceedings of the National Conference of Electricians, 

Fhiladelphia^ October 8th to 13th, 1884. i8mo, cloth, y. 

Dynamo - Electricity, its Generation, Application, 

Transmission, Storage, and Measurement, By G. B. Prescott. With 
545 illustrations. 8vo, cloth, i/. is. 

Domestic Electricity for Amateurs. Translated from 

the French of E. Hospitalier, Editor of "L'Electricien," by C. J. 
Wharton, Assoc. Soc. Tel. Eng, Numerous illustrations. Demy 8vo, 
cloth, 9J. 

Contents : 

I. Productionof the Electric Current— 3. Electric Bells — ^3. Automatic Alarms— 4. Domestic 
Telephones— 5. Electric Clocks — 6. Electric Lighters — 7. ^Domestic Electric Lighting — 
8. Domestic Application of the Electric Light— 9. Electric Motors— zo. Electrical Locomo- 
tion — XX. Electrotyping, Plating, and Gilding«-X3. Electric Recreations— 13. Various appli- 
cations—Workshop of the Electrician. 

Wrinkles in Electric Lighting. By Vincent Stephen. 

With illustrations, i8mo, cloth, 2s, 6d. 

Contents : 

X. The Electric Current and its production by Chemical means— a. Production of Electric 
Currents by Mechanical means— 3. Dynamo-Electric Machines— 4. Electric Lamps— 
5. Lead— 6. Ship Lighting. 

The Practical Flax Spinner ; being a Description of 

the Growth, Manipulation, and Spinning of Flax and Tow. By Leslie 
C. Marshall, of Belfast. With illustrations. 8vo, cloth, 15X. 

Foundations and Foundation Walls for all classes of 

Buildings, Pile Driving, Building Stones and Bricks, Pier and Wall 
construction, Mortars, Limes, Cements, Concretes, Stuccos, &c. 64 illus- 
trations. By G. T. Powell and F. Bauman. 8yo, cloth, lor. 6/. 
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Manual for Gas Engineering Students. By D. Lee. 

i8mo, doth is. 

Hydraulic Machinery, Past and Present. A Lecture 

delivered to the London and Suburban Railway Officials' Association. 
By H. Adams, Mem. Inst C.K Folding plate. 8vo, sewed, u. 

Twenty Years with the Indicator. By Thomas Pray, 

Jun., C.E., M.E., Member of the American Society of Civil Engineers. 
2 vols., royal 8vo, cloth, \zs. 6d. 

Annual Statistical Report of the Secretary to the 

Members of the Iron and Steel Association on the Home and Foreign Iron 
and Steel Industries in 1884. Issued March 1885. 8vo, sewed, 51. 

Bcul Drains^ and How to Test them ; with Notes on 

the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origin 
and Transmission of Zymotic Disease. By R. Harris Reeves. Crown 
8vo, cloth, y, 6d. 

Standard Practical Plumbing ; being a complete 

Encyclopaedia for Practical Plumbers and Guide for Architects, Builders, 
Gas Fitters, Hot-water Fitters, Ironmongers, Lead Burners, Sanitary 
Engineers, Zinc Workers, &c. Illustrated by over 2000 engravings. By 
P. J. Davies. Vol. I, royal 8vo, cloth, *js, 6d. 

Pneumatic Transmission of Messages and Parcels 

between Paris and London^ via Calais and Dover. By J. B. Berlisr, 
C.E. Small folio, sewed, 6</. 

List of Tests {Reagents), arranged in alphabetical 

order, according to the names of the originators. Designed especially 
for the convenient reference of Chemists, Pharmacists, and Scientists. 
By Hans M. Wilder. Crown 8vo, cloth, 4^. dd. 

Ten Years Experience in Works of Intermittent 

Downward Filtration, By J. Bailey Denton, Mem, Inst C.E. 
Second edition, with additions. Royal 8vo, sewed, \s, 

A Treatise on the Manufacture of Soap and Candles, 

Lubricants and Glycerin, By W. Lant Carpenter, B.A., B.Sc. (late 
of Messrs. C. Thomas and Brothers, Bristol). With illustrations. Crown 
8vo, cloth, loj. 6^. 
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The Stability of Ships explained simply, and calculated 

by a new Graphic method. By T. C- Spence, M.LN.A. 4to, sewed. 

Steam Makings or Boiler Practice. By Charles A. 

Smith, C.E. 8vo, cloth, loj. td. 

Contents : 

Y. The Nature of Heat and the Properties of Steam — a. Combustion.—^. Externally Fired 
Stationary Boilers — ^ Internally Fired Stationary Boilers — 5. Internally Fired Portable 
Locomotive and Marine Boilers--6. Design^, Construction, and Strength of Boilers— 7. Pro- 
portions of Heating Surface, Economic Evaporation, Explosions— 8. Miscellaneous Boilers, 
Choice of Boiler Fittings and Appurtenances. 

The Fireman's Guide ; a Handbook on the Care of 

Boilers. By Teknolog, fdreningen T. I. Stockholm. Translated from 
the third edition, and revised by Karl P. Dahlstrom, M.E. Second 
edition. Fcap. 8vo, cloth, 2j. 

A Treatise on Modern Steam Engines and Boiler s^ 

including Land Locomotive, and Marine Engines and Boilers, for the 
use of Students. By Frederick Colysr, M. Inst. C.E., Mem. Inst M.E. 
With 2f> plates* 4to, cloth, 25 j. 

Contents : 

z. Introduction — 2. Original Engines — 3. Boilers^— 4. Hi^h«Pressure Beam Engines — 5. 
Cornish Beam Engines — 6. Horizontal Engines — 7. Oscillating Engines — 8. Vertical High- 
Pressure Engines — 9. Special Engines— zo. Portable Engines— zz. Lo<;omotive Engines^ 
13. Marine Engines. 



Steam Engine Management; a Treatise on the 

Working and Management of Steam B " - — - 

C.E., Mem. Inst. M.E. i8mo, cloth, 2s, 



Working and Management of Steam Boilers. By F. Colyer, M. Inst. 
" - ' M.E. " 



Land Surveying on the Meridian and Perpendicular 

System^ By WiLUAM Penman, C.E. 8vo, cloth, &f. dd. 

The Topographer, his Instruments and Methods, 

designed for the use of Students, Amateur Photographers, Surveyors, 
Engineers, and all persons interested in the location and construction of 
works based upon Topography. Illustrated with numerous plates, maps^ 
and engravings. By Lewis M. Haupt, A.M. 8vo, cloth, iSj. 

A Text-Book of Tanning, embracing the Preparation 

of all kinds of Leather. By Harry R. Proctor, F.C.S., of Low Lights 
Tanneries. With illustrations. Crown 8vo, cloth, lor. 6</. 



lo sapar«oyal Svo^ 1168 pp^ with 1400 UlusinUiffMS, in 3 Divisions, cloth, price 13^. &/. 
each ; or 1 vol^ doth, a/. ; or half-morocco, a/. 8x. 

A SUPPLEMENT 

TO 

SPONS' DICTIONARY OF ENGINEERING. 

Edited by ERNEST SPON, Memb. Soc. Engineers. 



Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony, 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines, 

Calculus, Differential and 
Integral. 

Canals. 

Carpentry, 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. j 

Coal Cleansing and 
Washing, 



Coal Mining. j 

Coal Cutting Machines. , 

Coke Ovens. Copper. ' 

Docks. Drainage. 

Dredging Machinery. | 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegn^hy, Electric 
Lighting and its prac- 
ticaldetails,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat. Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel. 

Steam Navvy. 

Stone Machinery. 

Tramways. 

Well Sinking. 
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NOVSr COMPLETE. 

IVi/A nearly 1500 illustrations ^ in super-royal 8vo, in 5 Divisions, cloth. 
Divisions i to 4, 131. (>d, each ; Division 5, 17J. 6^. ; or 2 vols., cloth, £'^ iojv 

SPONS' ENCYCLOPEDIA 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following :— 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, S9 pp. 78 figs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 51 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

PP- 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, i6 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 
figs. 

Pigments, 9 pp. 6 figs. 

Pottery, 46 pp. 57 figs. 
; Printing and Engraving, 
' 20 pp. 8 figs. 
I Rags. 

I Resinous and Gummy 
I Substances, 75 pp. 16 
I figs. 

Rope, 16 pp. 17 figs. 

Salt, 31 pp. 23 figs. 

Silk, 8 pp. 

Silk Manufactures, 9 ppw 
II figs. 

Skins, 5 pp. 

Small Wares, 4 pp. 

Soap and Glycerine, 39 
pp. 45 figs. 

Spices, 16 pp. 

Sponge, S pp. 

Starch, 9 pp. 10 figs. 

Sugar, 15s pp. 134 
figs. 

Sulphur. 

Tannin, 18 pp. 

Tea, 12 pp. 

Timber, 13 pp. 

Varnish, 15 pp. 

Vinegar, 5 pp. 

Wax, 5 pp. 

Wool, 2 pp. 

Woollen Manufactures, 
l\ PP- 39 figs: 
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Crown 8vo, cloth, with illustrations, y. 

WORKSHOP RFXEIPTS, 

FIRST SERIES. 
By ERNEST SPON. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. | 

Drying Oils. 

Dynamite. 

Electro • Metallurgy — 
(Cleaning, Dipping, ^ 
Scratch-brushing, Bat- 
teries, Baths, and , 
Deposits of every , 
•description). 

Enamels. i 

Engraving on Wood, I 
Copper, Gold, Silver, ' 
Steel, and Stone. 

Etching and Aaua Tint. ' 

Firework Making — ' 
(Rockets, Stars, Rains, 
Gerbes, Jets, Tour- 
billons, Candles, Fires, 
Lances,Lights, Wheels, 
Fire-balloons, 



Synopsis of Contents. 

' Freezing. 
I Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Catting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 



Paper. 

Paper Hanging. 

Painting in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sigii, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery— (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o'-Pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use of. 

Veneering. 

Washing. 

Waterproofing. 

Welding. 



Matches, 
and I Mortars, 
minor Fireworks). Nitro-Glycerine. 

Fluxes. Oils. 

Foundry Mixtures. 

Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 
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Crown 8vo, cloth, 485 pages, with illustrations, 5^. 

WORKSHOP RECEIPTS. 

SECOND SERIES. 

By ROBERT HALDANE. 

Synopsis of Contents. 



Addimetry and Alkali- 
metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 



Disinfectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut. 

Hydrogen peroxide. 
Ink. 
Iodine. 
Iodoform. 



Isinglass. 

Ivory substitutes^ 

Leather. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 



FignocLents, Faint, and Fainting : embracing the preparation of 
Pigments, including alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, cacruleum, Egyptian,, 
manganate, Paris, Peligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum^ 
baryta, Chinese, lead sulphate, white lead — ^by American, Dutch, French ^ 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white),, 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Painf 
(vehicles, testing oils, driers, grinding," storing, applying, priming, drying, 
filling, coats, brushes, surface, water-colours, removing smell, discoloration f 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint,, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints,^ 
tuDgrsten paints, window paint, zinc paints) ; Painting (general instructions, 
proportions of ingi-edients, measuring paint work ; carriage painting — priming: 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, re-varnishing^ 
how to dry paint ; woodwork painting). 
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Crown 8vo, cloth, 480 pages, with 183 illustrations, S^. 

WORKSHOP RECEIPTS. 

THIRD SERIES. 

By C. G. WARNFORD LOCK. 

TJnifoim with the First and Second Series. 

Synopsis of Costents. 



Alloys. 


1 Indium. 


Rubidium. 


Aluminium. 


! Iridium. 


Ruthenium. 


Antimony. 


1 Iron and Steel. 


Selenium. 


Barium. 


' Lacquers and Lacquering. 


Silver. 


Beryllium. 


: Lanthanum. 


Slag. 


Bismuth. 


] Lead. 


Sodium. 


Cadmium. 


Lithium. 


Strontium. 


Ccesium. 


1 Lubricants. 


Tantalum. 


Calcium. 


1 Magnesium. 


Terbium. 


Cerium. 


! Manganese. 


Thallium. 


Chromium- 


Mercury. 


Thorium. 


Cobalt. 


Mica. 


Tin. 


Copper. 


' Molybdenum. 


Titanium. 


Didymium. 


, Nickel. 


Tungsten. 


Electrics. 


j Niobium. 


Uranium. 


Enamels and Glazes. 


1 Osmium. 


Vanadium. 


Erbium. 


1 Palladium. 


Yttrium. 


Gallium. 


i Platinum. 


Zinc. 


Glass. 


Potassium. 


Zirconium. 


Gold. 


1 Rhodium. 
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WORKSHOP RECEIPTS, 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 
By C. G. WARNFORD LOCK. 

250 ninttrations, witli Complete Index, and a General Index to tlie 
Fonr Series, fis. 



Waterproofing — rubber goods, cuprammonium processes, miscellaneous 

preparations. 
Packing and Storing articles of delicate odour or colour, of a deliquescent 

character, liable to ignition, apt to suffer from insects or damp, or easily 

broken. 
Embalming and Preserving anatomical specimens. 
Leather Polishes. 
Cooling Air and Water, producing low temperatures, making ice, cooling 

syrups and solutions, and separating salts from liquors by refrigeration. 
Pumps and Siphons, embracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Desiccating — air- and water-ovens, and other appliances for drying natural 

and artificial products. 
Distilling — water, tinctures, extracts, pharmaceutical preparations, essences, 

perfumes, and alcoholic liquids. 
Emulsifying as required by pharmacists and photographers. 
Evaporating — saline and other solutions, and liquids demanding special 

precautions. 
Filtering — water, and solutions of various kinds. 
Percolating and Macerating. 
Electro typing. 

Stereot3rping by both plaster and paper processes. 
Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, etc. 
Musical Instruments — the preservation, tuning, and repair of pianos, 

harmoniums, musical boxes, etc. 
Clock and Watch Mending—adapted for intelligent amateurs. 
Photography — recent development in rapid processes, handy apparatus, 

numerous recipes for sensitizing and developing solutions, and applica- 
tions to modem illustrative purposes. 
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In demy 8vo, cloth, 600 pages, and 1420 Illustrations, 6^. 

SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDIGRAFSMEN AND AMATEURS. 



Contents. 

Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses. Explanations (with Diagrams) of 1 16 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture, 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — ^Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta, 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, Ac- 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging— Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains— Water 
Supply and Sanitation —Hints on House Construction suited to new 
countries, 
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